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(54) SEPARATING AGENT FOR FULLERENE AND PURIFICATION OF FULLERENE BY 
USING THE SAME 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To obtain a separating agent 
for fullerene, capable of being readily produced and easily 
available, and capable of efficiently separating the fullerene 
from a fullerene mixture, and further to provide a method 
for purifying the fullerene by using the separating agent, 
SOLUTION: This separating agent for fullerene is a cyclic 
phenol sulfide of the formula [Y is H, an alkyl, a 
halogenated alkyl, a halogen atom, nitre, an alkoxy or an 
acyl; (n) is 4-8]. A fullerene mixture is brought into 
contact with the separating agent in a solution to provide 
an inclusion complex of the cyclic phenol sulfide and the ! 
fullerene and the obtained inclusion complex is separated Y 
in the method for purifying the fullerene. 
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* NOTICES * 

JPO and INFIX are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**%* shows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A general formula (1) 
[Formula 1] 



Y is hydrogen, an alkyl group, an alkyl halide group, a halogen atom, a nitro group, an alkoxyl 
group, or an acyl group among (formula (1), and n is an integer of 4-8, Separating medium for 
fullerene consisting of a cyclic phenol sulfide which is) and is expressed. 

[Claim 2]A refining method of fullerene contacting a cyclic phenol sulfide of a general formula (1) 3 
and a mixture of fullerene in a solution, making an inclusion complex of this cyclic phenol sulfide 
and fullerene generate, and separating this, 

[Claim 3]A refining method of fullerene. wherein n in a general formula (I) contacts in a solution a 
cyclic phenol sulfide tetramer which is 4, and a mixture of fullerene containing C 60 , makes an 

inclusion complex of this cyclic phenol sulfide and C p0 generate and separates this, 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the refining method of fullerene using the fullerene 
separation agent and it which consist of a cyclic phenol sulfide which can separate fullerene as an 
inclusion complex from, the mixture of the fullerene containing fullerene, such as C 6Q . 

[0002] 

[Description of the Prior Art] Fullerene is what is called a spherical soccer ball molecule that 
comprises only a carbon atom. 

What has the carbon numbers beyond C 7Q or it including C 6Q is contained in this. 

Since Kroto, Smalley and others discovered Cg 0 , about such fullerene. Many various kinds of 

derivatives which functionalized the fullerene itself, metal complexes which make fullerene the 
ligand, conjugated compounds with polymers, or compounds which included metal inside the ball 
have been compounded. The research in respect of application, such as medical use, is also actively 
made as a superconductivity compound, and the expectation as a new functional molecule is high. 
The extensive process of C 60 was discovered by Huffman and others in 1990. Generally, although 

fullerene is contained in the soot etc. which are generated by the arc discharge of graphite, what 
has the carbon numbers beyond C 7 q or it including C g0 is contained as mentioned above. 

[0003]Therefo.re ? in order to obtain specific fullerene selectively; it is necessary to carry out 
separation refinement of the respectively specific thing selectively from the mixture of this 
fullerene, and many research and development are carried out also about this separation refinement 
method. Although these separation refinement methods included the method by column 
chromatography conventionally, the recovery rate was low and there was a problem of not being 
suitable in processing, on an extensive scale, These days, Atwood, Shinkai and others have 
accepted and reported precipitate generation with C 60 by using a calyx [8] arene (for example, 

Nature (London), 1994, 368, 229 and JP,7-237911.,A). Fukazawa and others makes a dyad calyx [5] 
arene connect, and the receptor of C 60 and C 7Q is compounded (Angew, Chem Jnt, Ed . EngL 1 997, 

36,259), It is said that the recovery rate and purity of C 6Q refined by these methods have the room 

of improvement in refining of the fullerene which has a recovery rate, purity, or a carbon number 
more than C 70 although improved as compared with what is depended on column chromatography. 

It was not necessarily able to be said as a simple method about composition etc. of the carixarene 

used as a receptor. 

[0004] 

[Probl.em(s) to be. Solved by the Invention]The issue which this invention tends to solve has a new 
structure which is not in the former, and its manufacturing method is simple, and it is easy to 
receive, and there is in providing the refining method of fullerene using the separating medium for 
fullerene and it which can separate fullerene from the mixture of fullerene efficiently. 
[0005] 

[Means for Solving the Problem]This invention persons find out previously a cyclic phenol sulfide 
group which contains a phenol skeleton in a basic skeleton three or more; (jP J 9~227553,A), These 
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cyclic phenol sulfide groups found out that it was useful as a metal supplementary agent, an ion 
sensor, a charge of an optical isomer separating material, a recovery agent of organic halogenated 
compounds, or an intermediate of a functional molecule using other ion and molecular recognition. 
This invention persons are general formulas (1), as a result of repeating examination wholeheartedly 
paying attention to the molecule inclusion characteristic of this cyclic phenol sulfide 
[0006] 
[ Formula 2J 

Rf? ... 

Y 

[0007]the inside of a formula (1), and Y— hydrogen, an alkyl group, an alkyl halide group, and a 
halogen atom. It is a nitro group, an alkoxyi group, or an acyl group, and n is an integer of 4-8. It 
finds out that the cyclic phenol sulfide expressed forms an inclusion complex with fullerene, and 
came to complete this invention, namely, this invention — a general formula (1) (the inside of a 
genera] formula (1), and Y — hydrogen and an alkyl group.) It is an alkyl halide group, a halogen 
atom., a nitro group, an alkoxyi group, or an acyl group, and n is an integer of 4-8. The separating 
medium for lulierene consisting of a cyclic phenol sulfide expressed is provided, this invention — a 
general formula (1) (the inside of a general formula (1), and Y — hydrogen and an alkyl group.) 
They are an alkyl halide group, a halogen atom, a nitro group, an alkoxyi group, or an acyl group, n 
is an integer of 4-8. Contact the cyclic phenol sulfide expressed and the mixture of fullerene in a 
solution, the inclusion complex of this cyclic phenol sulfide and fullerene is made to generate, and 
the refining method of the fullerene separating this is provided. This invention contacts in a 
solution the mixture of fullerene in which n in a general formula (1) contains the cyclic phenol 
sulfide tetramer and C M -which are 4, The inclusion complex of this cyclic phenol sulfide and C 6Q is 

made to generate, and the refining method of the fullerene separating this is provided. Hereafter, 

this invention is explained in detail. 

[0008] 

[Embodiment of the InventiorjThe cyclic phenol sulfide used in this invention is expressed with a 
general formula (1). Y in a general formula (1) is hydrogen, an alkyl group, an alkyl halide group, a 
halogen atom, a nitro group, an alkoxyi group, or an acyl group. Especially if the carbon number of 
an alkyl group is one or more, it does not have restriction, but 12 or less carbon number is six or 
less still more preferably preferably. What the halogen atom replaced by the same thing as the 
above-mentioned alkyl group is mentioned, and the desirable thing of an alkyl halide group is also 
the same. Any of a fluorine atom, a chlorine atom, a bromine atom, and iodine atoms may be 
sufficient as a halogen atom, 

[0Q09]Especially if the carbon number of an alkoxyi group is one or more, it does not have 

restriction, but they are 1-6 preferably. Especially if the carbon number of an acyl group is one or 

more, it does not have restriction, but they are 1-7 preferably. Although two or more Y exists in a 

general formula (l), those Y may be the same and may differ, respectively, n in a general formula (1) 

is an integer of 4-8. Next, the manufacturing method of the cyclic phenol sulfide expressed with a 

general formula (l) is explained. The example of manufacture of the cyclic phenol sulfide of a 

general formula (1) is written in the JP,9-227553,A specification. As a suitable example of 

manufacture, it is a general formula (2) first. 

[0010] 

[Formula 3] 
OK 
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[OOlllCY is an alkyl group among a. general formula (2) J — it is the method of making the simple 
substance sulfur of an adequate amount reacting to the alkylphenols which have an alkyl group in 
the 4th place expressed under existence of at least one sort of metal reagents chosen from the 
alkaline metal reagent and alkaline earth metal reagent of an adequate amount, the raw material 
brewing of alkylphenols and simple substance sulfur — simple substance sulfur is the 0.1 or more 
gram equivalents to 1 gram equivalent alkylphenols, and a ratio is the 0.35 or more gram 
equivalents preferably, the raw material brewing of simple substance sulfur — although the 
maximum in particular of a ratio is not limited, the 20 or less gram equivalents are preferred to 1 
gram equivalent alkylphenols, and especially the 10 or less gram equivalents are preferred. 
[00l2]As an alkaline metal reagent, an alkaline metal simple substance, a hydrogenation alkaline 
metal, a hydroxylation alkaline metal, alkali carbonate metal, an alkaline metal alkoxide, alkali metal 
halide, etc, are mentioned, for example, As an alkaline earth metal reagent, an alkaline-earth- 
met als simple substance, hydrogenation alkaline-earth metals, hydroxylation alkaline-earth metals, 
oxidation alkaline-earth metals, an alkali carbonate earth metal, an alkaiine-earth-metals alkoxide, 
an alkali haiide earth metal, etc, are mentioned, for example. The amount of an alkaline metal 
reagent or the alkaline earth metal reagent used is the 0.005 or more gram equivalents to 1 gram 
equivalent alkylphenols, and is the 0.01 or more gram equivalents preferably. Although the 
maximum of the amount of an alkaline metal reagent or the alkaline earth metal reagent used does 
not have restriction in particular, it is the 10 or less gram equivalents preferably, and they are the 
5 or less gram equivalents especially preferably. 

[00 13] A mixture of fullerene which is a raw material used for a refining method of fullerene of this 
invention, May be a mixture of two or more sorts of fullerene chosen from ftiilerene, such as 
fullerene which has C 60 , C 70 , and a carbon number beyond it, and, It may be a mixture with other 

ingredients other than one or more sorts of fullerene chosen from fullerene } such as ftiilerene which 
has C 60 , C- 7() , and a carbon number beyond it, and fullerene. In a refining method of fullerene of this 

invention, contact a cyclic phenol sulfide of a general formula (1), and a mixture of fullerene in a 
solution, an inclusion complex of this cyclic phenol sulfide and fullerene is made to generate, and 
this is separated. Thereby, fullerene can be refined. Contact in a solution of a cyclic phenol sulfide 
and a mixture of fullerene, Former one is preferred, although it may carry out by adding a cyclic 
phenol sulfide or its solution to a solution in which a mixture of fullerene was dissolved and may 
carry out by adding a mixture of fullerene, or its solution to a solution in which a cyclic phenol 
sulfide was dissolved. 

L00 14] As a solvent in which a mixture and a cyclic phenol sulfide of ftiilerene are dissolved, 
benzene, toluene, xylene, ethylbenzene, etc, are mentioned, for example. Except that a maximum is 
restricted by solubility [ as opposed to these solvents in the amount of cyclic phenol sulfide used ], 
there is no restriction in particular. Although solubility changes with kinds of cyclic phenol sulfide, 
respectively, in the case of a cyclic phenol sulfide whose Y is an alkyl group, generally in a general 
formula (1), solubility to toluene or xylene is large, In the case of benzene, precipitate of an 
inclusion complex arises near a room temperature. Therefore, what is necessary is just to choose 
suitably in consideration of conditions, such as composition ratio of a mixture of fullerene. Although 
the amount in particular of cyclic phenol sulfide used to a mixture of fullerene does not have 
restriction, in order to refine efficiently , carrying out more than equimolar of fullerene is preferred. 
As compared with fullerene, it uses [ inefficient ] so much conversely. 

[00 15] What is necessary is to stir a solution or just to settle a solution, when contacting a cyclic 
phenol sulfide and a mixture of fullerene in a solution. Restriction in particular does not have time 
to mix and it changes with fullerene in a solution, and concentration of a cyclic phenol sulfide and 
temperature of a solution. Usually, when fullerene in a solution and concentration of a cyclic phenol 
sulfide are low, a long time is needed for formation of an inclusion complex, What is necessary' is for 
there to be no restriction in particular and just to carry out about room temperature -75 if a 
mixed temperature is below the boiling point of a solvent . 

t00 16] With kinds of cyclic phenol sulfide, organization potency of an inclusion complex with 
fullerene changes. For example, in the case of a cyclic phenol sulfide whose n is 4, in a general 
formula (1), the capability to form C m and an inclusion complex is high. Therefore, C fin is 
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selectively separable by contacting in a solution a cyclic phenol sulfide whose n is 4, and a mixture 
of fullerene containing C 6Q in a general formula (1), making an inclusion complex of this cyclic 

phenol sulfide and C- 60 generate, and separating this, A generated inclusion complex is separable by 
various separating mechanisms, Usually, an inclusion complex is generated as a sediment in the 
above-mentioned solution. Precipitate may be made to generate by cooling the above-mentioned 
solution to stirring or the freezing point as occasion demands. In this ease, the usual separating 
mechanisms, such as filtration and centrifugal separation, can perform separation of this sediment. 
Recovery of fullerene from this sediment can be performed by distributing precipitate to a solvent of 
an organic halogen system. Thereby, an inclusion complex can decompose and only fullerene can be 
settled from an inclusion complex. As a solvent of an organic halogen system, chloroform, a carbon 
tetrachloride, a methylene chloride, tetraehloroethane, etc. are mentioned, and it is chloroform 
preferably, for example. 
[0017] 

[Example] An example explains this invention still in detail However, this invention is not limited at 
all by these examples. 

[0018]the example of manufacture 5 s ll,17,23-tetr^ 

2,8,14,20-tetrathia [19.3.LI 3 ' 7 1 9 ' 13 1 15 ' l9 J octacosa- 1 (25),3,5 and 7 (28).) To the synthetic 4- 
tert-butylphenol 45. 2 g of 9,11,13 (27) 15,17/19 (26) 21,23-dodecaene (I), The simple substance 
sulfur 14. 4g and 3.0 g of sodium hydroxide were added, among the nitrogen air current, agitating, it 
heated at 230 ** gradually over 4 hours, and churning was continued for further 2 hours. In the 
meantime, the water and hydrogen sulfide which are generated at a reaction were removed. The 
water distilled during the reaction was about 0.8g, and the hydrogen sulfide generated by a reaction 
was about 6g. This reaction mixture was cooled to the room temperature, and after adding 500 ml 
of ether and making it dissolve, 1 N of sulfuric acid solution hydrolyzed. The reaction mixture 
produced from the separated ether layer by distilling off ether, Furthermore, silica gel 
chromatography (hexane/chioroform) divides, The place which obtained the rough product and 
made this ****** from chloroform/acetone, The water-white 5,ll,17,23-tetra~tert-butyl- 
25,26,27,28-tetrahydro^^ [19.3, LI 3 ' 7 1 9 > 13 l i5 > 19 3 octacosa- 1 (25) which is a 

crystal, 3, 5, 7 (28), 9, 11 and 13 (27), 15, 17 and 19 (2,6), 21, and 4.32 g of 23-dodeeaene were 
obtained. This is n~ 4 in a general formula (2). 
It is a cyclic phenol sulfide which is Y~t-butyl. 

[0019]Insoluble matter was filtered, after dissolving 2 g of soot (fullerene content about 10 mass %) 
of example 1 marketing in 400 ml of distillation toluene and irradiating with an ultrasonic wave at a 
room temperature. After distilling a solvent out of the obtained filtrate, when reduced pressure 
drying was carried out, the mixture of 0.919 g of fullerene was obtained. When HPLC analyzed the 
mixture of the obtained fullerene, they were the following mole ratios. C 60 1GQ; C 7G 22.6; 

C 76 +C 78 0.9; C 82 +C 84 0.95; C 86 0.24; G 88 +C 90 +C g2 L4; C g4 0.078 — 17.7 mg of mixtures of this 

fullerene were dissolved in 10 ml of benzene. Cyclic phenol sulfide (I)70mg obtained by the example 
of manufacture was added to this solution at the room temperature, and was heated for 10 minutes 
at 75 **, It cooled at 10 **, stirring this solution, and settled for 10 minutes at this temperature. 
The sediment collected by centrifugal separation was 28 rng. The quantitative analysis was carried 
out about supernatant liquid and a sediment, respectively. After washing and drying with a little 
benzene, the sediment dissolved in o-dichlorobenzene the fullerene which washed under chloroform 
and remained except for cyclic phenol sulfide (I), and analyzed by HPLC. As a result, the 
concentration of Cg Q in supernatant liquid has turned into 23% of the concentration in the mixture 

of the fullerene of a raw material 

It turned out that 77% of C 6Q were collected. 

The purity of Cqq in a sediment was 82%. 

[0020] 

[Effect of the lnvention]According to this invention, fullerene can be separated or refined 
efficiently. 
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